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Hata: Decision Curve for Lease or Buy

Obviously, the company will want to make the deci
sion—lease or purchase—that will cost it least. But
this usually involves a whole series of calculations.
Here’s an entirely new approach—

A DECISION CURVE
FOR LEASE OR BUY
by Kyojiro Hata
Peat, Marwick, Mitchell & Co.

years the lease rather
than purchase of industrial
equipment has become a popular
method of financing capital invest
ment. There are many reasons for
this trend, among them the tax ad
vantages that may accrue from
making the full cost of the equipn recent
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ment’s use a business expense and
the fact that leasing frees capital
for other, presumably more profit
able,
For some companies one or more
of these considerations may be so
overwhelming as to virtually dic
tate the choice of leasing instead
of buying. For most, however, the
decision will rest on a comparison
of the cost of leasing with the cost
of ownership.
The cost of leasing is easy to de
termine. But calculation of the
cost of ownership presents more

complex problems. Two of its
major determinants, the residual
worth of the equipment at the end
of the period under analysis and
the investment return that will be
foregone if the equipment is pur
chased, are uncertain and must be
estimated. No one can be sure
either how soon a piece of equip
ment will become obsolete or what
his company’s reinvestment rate
will be.
It is self-evident that leasing will
tend to be more attractive than
purchase when the rate of return
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capital is relatively high and/or the
concepts underlying it are illus
years) lease and purchase under
residual worth of the equipment is
trated by means of a hypothetical
an equipment trust. The equip
low. Because these values are un
case of financing railroad equip
ment trust, a trust created to buy
certain, however, it is desirable to
ment. The example is used to
equipment and lease it to the user,
calculate the effect of a number of
develop equations for determin
is the most widely used method of
possible combinations of these two
ing the residual value needed to
financing the purchase of railroad
determinants. To avoid these tedi
equate the cash outflows needed
equipment. For most practical pur
ous calculations and, in fact, to per
poses it is equivalent to purchase,
under the purchase option and the
mit a decision to be made without
but since it avoids direct owner
lease option and then for calculat
the estimation of the exact value
ship by the railroad, it keeps the
ing this breakeven residual worth
of the determinants, we have de
new equipment from being sub
on a present value basis at various
veloped a new analytical approach.
ject to existing mortgages. Typi
discount rates. Finally, various
A breakeven curve was drawn as
cally, the equipment trust requires
methods of estimating the prob
a function of the residual worth
a 20 per cent to 25 per cent down
ability of attaining given rates of
and the discount rate. Then esti
payment and payment of the bal
return on alternative uses of money
mated ranges or statistical ex
ance and interest annually or semi
and of realizing a given residual
pected values of these determi
annually over a period of ten to
worth at the end of the project
nants were applied to the curve,
fifteen years.
life are discussed.
enabling management to evaluate
The assumed conditions for the
any combination of residual worth
railroad example are as follows:
Comparative cash flows
and prospective investment return
The original value of the contem
simply by reading points on the
In our hypothetical railroad ex
plated investment is $1 million.
graph.
Depreciation is calculated for tax
ample the alternative methods for
In this article this graphic meth
acquiring the use of new equip
purposes by the sum-of-the-yearsod of balancing residual worth
digits method, a method that is
ment being considered by the

EXHIBIT I

CASH FLOWS OF EQUIPMENT TRUST

(1)

(5)

(2)

hence

Principal
payment

Interest
payable

Net interest
after tax

Depreciation
expense

Tax
deduction

$ 53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,333
53,338

51,134
47,667
44,200
40,734
37,267
33,800
30,334
26,867
23,401
19,934
16,468

113,333
105,238
97,143
89,048
80,952
72,857
64,762
56,667
48,571
40,476
32,380
24,286

9,534
6,068
2,601

26,589
24,786
22,985
21,181
19,379
17,576
15,774
13,971
12,168
10,366
8,563
6,760
4,958
3,155
1,353

54,400
50,514
46,629
42,743
38,857
34,971
31,086
27,200
23,314
19,429
15,543
11,657
7,771
3,886
—

200,000
25,522
27,605
29,689
31,771
33,855
35,938
38,021
40,104
42,187
44,270
46,353
48,436
50,520
52,602
54,691

800,000

403,010

209,564

850,000

408,000

801,564

Depreciation effect

$200,000
1
2
3
4
5

8

10
11
12
13
14
15

Total

$200,000

(7)

Net cash
outflow
after tax
(1)+(2) + (4)
-(6)

Interest payments
Down
payment

(6)

8,096

P.V.F.
(10%)
1.000
.909
.826
.751
.683
.621
.564
.513
.467
.424
.386
.350
.319
.290
.263
.239

Present value
of
cash flows
200,000
23,199
22,802
22,296
21,700
21,024
20,269
19,505
18,729
17,887
17,088
16,224
15,451
14,651
13,834
13,071

$477,730

Explanations:

Column
Column
Column
Column

(8)

(3) Total interest for
year is the sum of the two semi-annual interest payments on remaining balances at 6½% per year.
(4) 48% of interest expense will be recovered through tax deduction.
(5)
years sum-of-the-years-digits depreciation method.
(6) Taxable income will
reduced by the amount of depreciation. As a result, tax payable will
reduced by 48% of depre
ciation expense amount.

(3)
(4)
38
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CASH FLOWS OF LEASE
mally results in the maximum tax
benefit in early years. Eighty-five
(2)
(3)
(1)
Tax deduc
Net cash
per cent (regarded as reasonable
Rent Payments
tion through
outflow
(4)
(5)
and typical) of the original cost
Years
Interest
Principal
rent expense
after tax
P.V.F.
Present value
hence
portion
will be depreciated in fourteen
portion
(48% of 1)
of cash flows
(1)-(2)
(10%)
years.
1
$
88,889 + 40,000
61,867
67,022
.909
$ 60,923
The equipment trust carries an
2
.826
55,360
3
50,334
effective interest rate of 6½ per
.751
4
45,776
.683
cent. The principal will be paid
5
.621
41,621
in equal semi-annual installments
66,666 + 30,000
46,399
50,267
.564
28,350
6
over a fifteen-year period. The in
25,787
7
.513
terest will be payable semi-an
.467
23,475
8
nually.
.424
21,313
9
The lease alternative is for fif
.386
19,403
10
teen years with no option to pur
11,729
30,934
33,511
.350
11
44,445 + 20,000
chase. The total rent is equal to
.319
10,690
12
the original cost of the equipment
.290
9,718
13
8,813
.263
14
plus fifteen years’ interest at 6 per
.239
8,009
15
cent on the average outstanding
balance (half the original cost).
754,000
$421,301
696,000
1,000,000 + 450,000
Total
The payment schedule calls for
payment of four-ninths of the total
in the first five years, three-ninths
EXHIBIT 2
in the second five years, and twoninths in the final five years—in
equal semi-annual payments with
in each five-year period. The lessor
essarily coincide with either the
Under the assumed lease agree
takes the depreciation tax benefit.
remaining undepreciated value of
ment the equipment is returned to
The lessee has taxable income
the equipment for tax purposes or
the lessor at the termination of the
throughout the fifteen-year period.
the undepreciated book value re
lease arrangement to determine
ported to regulatory agencies, for
however, the equipment is still
in this analysis we are trying
available for use after the fifteenth
Cash flow schedules
measure the economic benefit that
year and therefore will have what
a company will get from the
might be termed a “residual worth
The cash flow schedule for the
equipment on hand at the end of
to the company. The residual worth
equipment trust alternative under
the fifteenth year. Therefore, the
the assumed conditions is shown
must be measured against the
residual
worth also differs from
in Exhibit 1 on page 38. The cash
$47,564 differential in favor of the
the
expected
net dollar receipts
flow schedule for the lease alterna
lease arrangement to determine
(
after
taxes
)
from selling the
tive is shown
Exhibit 2 on this
what might be called the “break
equipment.
It
is,
rather, the dollars
page. Unlike conventional cash flow
even residual worth,” the point at
that
a
company
would have
presentations, these analyses do
which the two will coincide. Any
spend
to
obtain
the
equivalent ser
not take into account income and
excess of residual worth over the
vices. If the equipment is in short
operating costs pertaining to the
cash flow differential will tend to
supply and great demand after
new equipment because these fac
favor the equipment trust; any ex
tors are not affected by the meth
cess of the cash flow differential
od of financing.
over the residual worth will tend
KYOJIRO HATA is a con
Comparison of Column 7 in Ex
to favor the lease agreement.
sultant in the New York
hibit 1 with Column 3 in Exhibit 2
The term “breakeven residual
City office of Peat, Mar
indicates that the net cash outflow
worth ratio” also is employed in
wick, Mitchell & Co. Be
fore assuming his pres
after tax for an investment of $1
the analyses that follow. This, as
ent position he was as
million would be $801,564 for the
the reader might infer, is the ratio
sistant accountant for
equipment trust and $754,000 for
of the breakeven residual worth
that firm. Mr. Hata re
ceived his Bachelor of
the lease. There would seem to be
(in our illustration $47,564) to the
Economics degree from
a differential of $47,564 in favor
original investment (in our illus
the Keio University School of Economics in
the lease arrangement. However,
tration 4.76 per cent, representing
Japan, where he also worked as a research
assistant at the university's Institute of Labor
we have not yet taken into con
the ratio of $47,564 to the original
and Management. In 1964 he received his
sideration the residual worth of the
investment of $1 million).
M.B.A. degree from Amos Tuck School of
equipment or the discount rates.
The residual worth does not nec
Business Administration, Dartmouth College.
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BREAKEVEN RESIDUAL WORTH RATIOS
future, or how much you have to
(AFTER DISCOUNTING)
invest today to get $1,000 in one,
Breakeven
P.V.F.
two, or any number of years hence.
residual worth ratio
Discount rate
To
the individual who puts money
(%)
(%)
in a savings account the present
4.8
value of $1,000 a year hence will
2
6.1
be $953.81 ($1,000 X 1/1.05) be
8.3
11.6
cause $953.81 put in his savings
8
16.5
account
today will become $1,000
10
23.6
a year later. Present value factors
12
33.4
14
47.3
(P.V.F.) are generally expressed
66.2
16
as
follows:
90.6
18
EXHIBIT 3

fifteen years, it may be quite valu
able. If, on the other hand, it is
obsolete at that time, it may have
only scrap value.
Discounting cash flows

Logically, the present value
concept should be applied

to our analysis. All cash
flows should be converted

to their present values so
as to be really comparable.



There is an additional factor to
be taken into consideration, how
ever, before our basic analysis is
complete. This is the discount rate
applicable to the cash flows shown
in Column 7 of Exhibit 1 and
Column 3 of Exhibit 2 to convert
them to present values.
It is generally recognized that
$1,000 today has a value different
from that of the right to receive
$1,000 a year hence. The extent
of the difference in value will de
pend on the different opportunities
a person or company has to utilize
available money. To a person who
always puts his extra money in a
savings account (at, say,
per
cent interest a year), $1,000 cash
today probably has the same
value as the right to receive $1,050
a year later and $1,102.50 ($1,050
X 1.05) two years later. On the
other hand, a businessman who has
the opportunity to invest the money
with a 20 per cent return per year
may be indifferent to whether he
gets $1,000 cash today or $1,200
a year hence. Discount rates for
the two persons should be 5 per
cent and 20 per cent, respectively.
The present value factors to be
used in the following calculations
represent the present value of $1

40
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P.V.F. = 1/(1 + r)n
n: Year(s) hence
r: Discount rate

Logically, the present value con
cept should be applied to our
analysis. All cash flows should be
converted to their present values
so as to be really comparable. Al
though some might prefer a dis
count rate reflecting the cost of
capital, in this case, I believe, the
available investment opportunity to
utilize the funds freed as the result
of leasing is the most realistic and
practical basis for determining the
discount rate.
The final columns of Exhibits 1
and 2 show the discounted cash
flows under the equipment trust
and lease financing alternatives,
respectively. They were deter
mined by applying a P.V.F. of 10
per cent, assuming that all cash
flows occur at the end of each
year. The new breakeven residual
worth ratio,
(after discounting),
is calculated as follows:
Present value of
total equipment
trust cash
outflow

$477,730 - [0.239

Present value
of residual
worth of
equipment

X

(1,000,000 R)]

Present value of
total
cash outflow
= $421,301

R = 0.236 (23.6%)

The fifteenth-year P.V.F. (0.239)
is applied to the residual worth
because it is equivalent to a cash
inflow at the end of the fifteenth
year. When discounted at 10 per
cent, the breakeven residual worth
ratio is nearly five times as large
Management Services
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RESIDUAL
WORTH
RATIO
(%)
90

80

70

60

50
"Buy" Is Better
40

30

20
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10

Discount
Rate (%)

2

4

6

8

10

12

14

16

18

"LEASE OR BUY" DECISION CURVE

EXHIBIT 4
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implies
allocation
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may prefer
the6 statistical ex
same probabilities to all points in
pected value technique. To esti
ESTIMATED RATE OF RETURN
the range. It is appropriate when
mate an average rate of return on
CALCULATION
it is not known at which points
investment, determine for the next
within the range the actual values
fifteen years the maximum and
4.0% X .0625 = 0.25%
7.5
X .2500 =
are most likely to occur.
minimum possible rates—the range
12.5
X .5000 = 6.25
For
example,
if
the
residual
outside which you would not bet
17.5
X .1250 = 2.19
worth ratio is thought to fall some
at any odds. Suppose this range is
22.5
X .0625 = 1.41
where
in
the
range
between
10
per
from
25 per cent to 3 per cent.
11.98%
cent and 25 per cent and if the
Then break the range down into
rate of return after tax is between
several blocks and assign your odds
7 per cent and 11 per cent, a block
for each range.
EXHIBIT 5
can be drawn where the two ranges
For example, assume that the
coincide. (See the shaded area on
following odds were selected for
Exhibit 4.) The areas above and
each range:
below the decision curve can then
as the equivalent pre-discounting
be compared. In the example just
Odds in
Your odds for
terms of
ratio.
presented, the area favoring lease
Rate range
each range
probabilities
Exhibit 3 on page 40 shows the
is larger than the area in the block
to 1
3%-5%
6.25%
breakeven residual worth ratios
favoring buy, indicating that within
4 to 1
5%-10%
25.00%
under various discount rates. From
the ranges specified a lease is
to 1
10%-15%
50.00%
15%-20%
8 to 1
12.50%
these calculations the decision
preferable.
20%-25%
1
6.25%
curve for equipment trust or lease
PERT technique—If three esti
100.0%
shown in Exhibit 4 on page 41 was
mates (optimistic, pessimistic, and
developed.
most likely) are made, the tech
The statistical expected value of
From the curve, decisions can
nique that is often used with
the
estimated rate of return is cal
be made quickly. For example:
PERT can be applied to calculate
culated
as the weighted average of
Assume that you estimate that
the statistical expected value. The
individual
estimates. (The calcu
the residual worth ratio of certain
formula is
follows:
lations are illustrated in Exhibit 5
equipment fifteen years hence will
on this page). The same approach
be 40 per cent of the original in
Expected value =
can be used to calculate the sta
(A X 2) + (B X 2) + (C X
vestment. In that case, unless you
tistical expected value of the resid
estimate that your company can
ual worth ratio.
reinvest available funds at an
where
A,
B,
and
C
equal
the
pessi
average after-tax rate of more than
mistic, optimistic, and most likely
13 per cent, equipment trust fi
Conclusion
estimates, respectively.
nancing is the preferable alterna
For example, assume the follow
The decision curve outlined in
tive. On the other hand, if you are
ing
three
estimates
of
rate
of
re
this
article, which provides graphic
sure that your company’s reinvest
turn:
representation
of a breakeven anal
ment rate will be no less than 9 per
ysis
of
lease
or
buy decisions, per
cent after tax, you can establish
A
= 7%
mits decision making by “sight
a policy that all equipment ex
b = 18%
scanning.” For the visually minded,
pected to have a residual value of
c = 10%
it saves the effort that would be
less than 20 per cent should be
required to carry out the arithmetic
leased.
Then the expected rate of return
of a number of alternative calcu
is equal to
lations.
Estimating probabilities
In addition, it relieves manage
(7X2) + (18 X 2) + (10 X 4)
ment of the tasks of explicitly stat
It is difficult to estimate a speci
ing an assumed rate of return that
or 11.25 per cent.
fic value for the residual worth
will be available on capital and of
ratio or for the discount. Three
predicting a specific residual worth.
If the same calculations are
probability estimation techniques
Thus, the decision maker can deal
made for the residual worth ratio,
are suggested for estimating these
in parameters.
it is easy to determine whether the
uncertain determinants under the
This technique could be adapted
intersection of the two statistical
appropriate circumstances.
by any company for any lease or
expected values is above or below
Block technique—The block tech
buy decision—either for a decision
the curve.
nique consists of picking the
on specific equipment or for de
Statistical expected value tech
ranges within which the residual
velopment of a general lease or
nique—Those interested in further
worth and the rate of return are
buy policy.
elaboration of the estimating proc
likely to fall. Statistically speak
STATISTICAL EXPECTED VALUE OF

ess
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